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(57) A composite ink-jet and magnetic recording sheet capable recording visible ink images and magnetic 
images and having an excellent surface strength, includes (A) a composite substrate sheet having (a) a 
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magnetic recording layer coated on the support sheet and including magnetic particles dispersed in a 
binder resin, and (B) an ink-receiving layer coated on the composite substrate sheet and including 
amorphous silica particles dispersed in a binder resin. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a composite ink-jet and magnetic recording sheet More particularly, the 

present invention relates to a composite recording sheet capable of recording magnetic information and of con- 
verting a portion of the magnetic information to visible ink jetted images by using an aqueous ink-jet printer. 

The composite ink jet and magnetic recording sheet of the present invention is useful for coupon tickets, 
merchandise coupon cards, prepaid cards, and various automatic system cards, for example, highway coupon 

10 cards. 

2. Description of the Related Art 

Due to recent developments in the performance of, for example, printing speed, resolving power and color 
15 density (chroma), of ink-jet printers, the recording sheets for the printer are required to provide enhanced prop- 
erties, for example, a high speed absorption, high absorption capacity and appropriate spread of ink. Accord- 
ingly, coated recording sheets having a ink-receiving layer formed on a surface thereof have been developed. 

For example, Japanese Unexamined Patent Publication (Kokai) No. 62-158,084 discloses a process for 
producing an ink-jet recording medium containing fine synthetic silica particles and having a high aqueous ink- 
20 absorption, an excellent color reproducibility and a high optical density. Namely, to meet the above-mentioned 
requirements, it is usual to provide a coated layer containing, as a principal component, a white pigment having 
a high liquid absorption, for example, fine synthetic silica particles, and formed on a substrate sheet compris- 
ing, as a principal component, cellulose pulp. 

Recently, various prepaid cards, for example, telephone cards and train cards are rapid appearing and 
25 thus the prepaid cards have attached public attention. Namely, the prepaid cards are rapidly spreading in va- 
rious traffic businesses and distribution businesses. 

The prepaid cards are magnetic recording cards. The rapid spread of the magnetic recording cards is due 
to the following advantages: 

(1) The magnetic recording layer has a high information storage capacity. 
30 (2) The information stored in the magnetic recording layer can be easily and precisely read. 

(3) The cards can be easily handled by an automatic wicket machine or ticket vending machine. 

(4) Fractional sums of money can be dealt with. 

(5) The cards are an effective laborsaving device. 

Usually, the balance of the prepaid card is indicated by a hole-punching method, electro photo-graphic 
35 method, static recording method, ink printing method, diazo-duplicating method or thermosensitive recording 
method. The hole punching method is disadvantageous in that the card per se can not indicate a particular 
blance thereon and thus the utilization history of the card is not definite and punch waste is accumulated in a 
reading or writing device. 

The other recording methods except for the thermosensitive recording method are disadvantageous in that 
40 these methods require developing and fixing steps, and thus the recording apparatus is relatively large and 
the recording cost is high. 

The thermosensitive recording method is advantageous in that no-developing and fixing steps are neces- 
sary and the recording apparatus is relatively small and is effective for laborsaving. However, this method is 
disadvantageous in that the persistency of the recorded images is not always satisfactory, and sometimes the 

45 recorded images are not clear due to a sticking phenomenon of a thermal head. 

In view of practical use conditions, the prepaid cards are required to have a higher water-resistance, heat- 
resistance, recording surface strength, cur I -resistance, mechanical strength and durability than those of usual 
recording sheets for a printer. Also, the prepaid cards have the same value as cash, and thus the support sheets 
of the prepaid cards are usually made from plastic films or synthetic paper sheets having a high durability and 

so thus are different from popular paper sheets. Although this type of support sheet has a high water resistance, 
the support sheet comprising, for example, a polyester, is disadvantageous in a high cost and a high risk of 
damaging an incinerator using to burn used card due to a high temperature derived from a high heat generation 
thereof. Where vinyl chloride polymer film is used for the support sheet, the cost for the prepaid card is low. 
However, the incineration of the used prepaid cards results in the generation of a harmful chlorine gas. 

55 The synthetic paper sheet has a high water resistance and causes little or no problem with incineration, 

and thus is widely used for the support sheet of the prepaid card. However, the synthetic paper sheet is dis- 
advantageous in a low heat resistance. Therefore, when a recording sheet for prepaid cards having a support 
synthetic paper sheet is used in a printer using a thermal head, for example, a thermosensitive recording sys- 
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tern, the support sheet sometimes shrinks due to the heat applied by the thermal head during the recording 
operation, and thus the recording sheet cannot smoothly travel in the printer and the images cannot be pre- 
cisely printed on the recording sheet. 

Further, when the prepaid card is left to stand in a high temperature environment, or when a visible image- 
recording layer for indicating the balance of money and a magnetic recording layer are formed on a support 
sheet, at a high temperature, the prepaid card sometimes shrinks, curls or wrinkles. 

Usually, the magnetic recording layer and/or the blance-indicating layer (visible image-recording layer) of 
the prepaid card are printed with a desired pattern. If the printed prepaid card is produced in large numbers, 
the printing is carried out by using an industrial printing process, for example, an offset printing process. How- 
ever, when the printing is applied to a small number of prepaid cards, the printing cost becomes high. Also, 
some conventional prepaid cards are difficult to be color- printed. Also, sometimes, it is required to previously 
print one surface of the card with a desired pattern and color, and thereafter print both the surfaces or the 
other surface of the card with a desired pattern and color. However, in the conventional printing system for 
the prepaid cards, it is impossible to print the card at a desired stage. 

Accordingly, there has been a strong demand for a new type of magnetic recording sheet free from the 
above-mentioned disadvantages. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a composite ink jet and magnetic recording sheet capable 
of recording magnetic information and of printing visible images with a high quality by using an aqueous ink 
jet printer at a high speed. 

The above-mentioned object can be attained by the composite Inkjet and magnetic recording sheet of the 
present invention, which comprises: 

(A) a composite substrate sheet comprising (a) a support sheet and (b) a magnetic recording layer formed 
on a surface of the support sheet and comprising magnetic particles and a binder resin; and 

(B) an ink-receiving layer formed on a surface of the composite substrate sheet, and comprising amor- 
phous silica particles and a binder resin, 

the support sheet having a thickness of 20 of 350 |im and exhibiting a bending stiffness of 1000 to 3000 

mN. 

In an embodiment of the composite ink jet and magnetic recording sheet of the present invention, the ink- 
receiving layer is arranged on a surface of the support sheet of the composite substrate sheet 

In another embodiment of the composite ink jet and magnetic recording sheet of the present invention, 
the ink-receiving layer is arranged on a surface of the magnetic recording layer of the composite substrate 
sheet. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an explanatory cross-sectional profile of an embodiment of the composite ink jet and magnetic 
recording sheet of the present invention, 

Fig. 2 is an explanatory cross-sectional profile of another embodiment of the composite ink jet and mag- 
netic recording sheet of the present invention, and 

Fig. 3 is an explanatory cross-sectional profile of still another embodiment of the composite ink jet and 
magnetic recording sheet of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

In the composite ink jet and magnetic recording sheet of the present invention, a composite substrate sheet 
(A) comprises (a) a support sheet and (b) a magnetic recording layer formed on a surface of the support sheet 
and an ink-receiving layer (B) formed on a surface of the composite substrate sheet (A). 

The support sheet usable for the present invention is preferably selected from non-coated paper sheets, 
for exam pie, fine paper sheets, moderate paper sheets and recycled paper sheets which are made from natural 
pulp and by a neutral paper-making method or an acid paper-making method; coated paper sheets having a 
coating layer comprising a pigment and a binder resin, for example, art paper sheets; multilayered synthetic 
paper sheets comprising a plurality of thermoplastic resin films each containing 8 to 65% by weight of an in- 
organic fine pigment particles, for example, calcium carbonate, anhydrous day, diatomaceous earth, talc and 
silica particles, each oriented monoaxially (in one direction) or diaxially (in two directions) across each other 
at right angles, and laminated on each other; and synthetic and natural resin films. 
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The multilayered synthetic paper sheet includes a three-layered synthetic paper sheet comprising a base 
thermoplastic resin film and mono-axially or di-axially oriented paper-like front and back thermoplastic resin 
films laminated on the front and back surface of the base film, and four or more-layered synthetic paper sheet 
comprising the similar base, front and back thermoplastic resin films to those of the three-layered synthetic 
5 paper sheet and at least one additional layer having, for example, an enhanced whiteness or another function, 
oriented diaxially, and laminated on the front and/or back film. 

The content and type of the inorganic pigment are established in consideration of the degrees of whiteness 
and opaqueness. The synthetic paper sheet may be an opaque sheet or semi-transparent sheet I ike a tracing 
paper sheet. 

10 The thermoplastic resin for the synthetic paper sheet comprises a member selected from polyolef in resins, 

for example, polyethylene, polypropylene, ethylenepropylene copolymers, and ethylene- vinyl acetate copoly- 
mers and mixtures of at least two members selected from the above-mentioned polymers and copolymers and 
polystyrene and acrylic acid ester polymers and copolymers. 

The basis weight of the support sheet is variable depending on the final use of the resulting recording sheet 

15 and is not limited to a specific range thereof. Preferably, the basis weight of the support sheet is in the range 
of from 1 00 to 300 g/m 2 . 

The support sheet usable for the present invention exhibits a bending stiffness of 1000 to 3000 mgf. The 
bending stiffness of paper or board material is also referred to as a Gurley stiffness. 

The bending stiffness of a specimen sheet can be determined by a Gurley method and is defined by the 
20 following equation: 

Bending stiffness (mgf) = • ^ 

wherein E represents a Young's modules (mN/mm 2 ) of a specimen, t represents a thickness (mm) of the spe- 
cimen, b represents a width (mm) of the specimen and L represents a length (mm) of the specimen. 

25 The bending stiffness can be measured by using a Gurley stiffness tester as illustrated in, for example, 

Japan TAPPI, paper and pulp test method No. 40-83. 

If the bending stiffness of the support sheet is less than 1000 mN, the resultant composite recording sheet 
is unsatisfactory in stiffness thereof and the resultant composite card made from the composite recording sheet 
is easily folded or bent and thus is unable to exhibit a necessary function for a recording card. Also, if the bend- 

30 ing stiffness is more than 3000 mN, although the resultant composite recording sheet or card exhibits a sat- 
isfactory resistance to folding and bending, this excessively stiff composite sheet or card exhibits a poor trav- 
elling property in a printer and sometimes the printed images become unclear. 

The support sheet usable for the present invention has a thickness of 200 to 350 urn. 

If the thickness is less than 200 urn, the resultant composite recording sheet or card has an unsatisfactory 

35 resistance to bending or folding and thus is useless as a practical composite recording sheet or card. Also, if 
the thickness is more than 350 jim, the resulted composite recording sheet or card exhibits a reduced travelling 
property in a printer and becomes costly. The composite ink jet and magnetic recording sheet or card of the 
present invention can be printed with a desired pattern and color. However, the excessively large thickness 
causes the resultant composite recording sheet or card to exhibit a reduced operating efficiency for printing. 

40 In the composite ink jet and magnetic recording sheet of the present invention, a magnetic recording layer 

is formed on a surface of the support sheet so as to provide a composite substrate sheet. 

The magnetic recording layer comprises magnetic particles and a binder resin. The magnetic particles pre- 
ferably comprise at least one member selected from y-iron oxide particles, cobalt-modified y-iron oxide par- 
ticles, barium ferrite particles, and chromium oxide particle. 

45 The binder resin for the magnetic recording layer preferably comprises at least one member selected from 

the group consisting of polyvinyl alcohol and ifs derivatives, proteins, for example, casein, styrenebutadiene 
copolymers, methyl methacrylate-butadiene copolymers, styrene-butadiene- methyl methacrylate terpoly- 
mers, polyacrylic resins polyvinyl acetate resins, polyurethane resins, polyvinyl chloride resins, polyester resins 
and vinyl chloride- vinyl acetate copolymers. The water-insoluble polymers, copolymers and resins are used in 

so the state of a latex or an aqueous emulsion. 

The magnetic recording layer is formed by coating a coating liquid containing the magnetic particles and 
the binder resin dispersed , emulsified and/or dissolved in an aqueous medium or an organic solvent. The use 
of the aqueous medium is advantageous from an economical point of view. The organic solvent preferably com- 
prises at least one member selected from toluene, xylene, and m ethyl ethyiketone. 

55 The magnetic recording layer is formed by coating the coating liquid on a surface of the support sheet by 

using conventional coating apparatus, for example, a bar coater, roll coater or air knife coater. 

The amount of the magnetic recording layer is variable depending on the final use of the composite re- 
cording sheet. Preferably, the magnetic recording layer is provided in an amount of 25 to 40 g/m 2 . 
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In the composite ink jet and magnetic recording sheet of the present invention, an ink-receiving layer is 
formed on a surface of the composite substrate sheet, namely on a surface of the support sheet free from the 
magnetic recording layer or on the magnetic recording layer surface. 

The ink-receiving layer comprises fine amorphous silica particles and a binder resin. 
5 The amorphous silica particles can be produced by a wet process or a dry process. In the wet amorphous 

silica-producing process, the fine amorphous silica particles are produces by neutralizing an aqueous solution 
of sodium silicate with an acid so as to precipitate or gelate the amorphous silica particles. This wet method 
includes a precipitation method and a gelation method. In the dry process, silicon tetrachloride is used as a 
starting material, burnt together with hydrogen and oxygen so as to deposit silica particles. The amorphous 
10 silica is a so-called white carbon and is referred to as silicic anhydride or hydrous silicic acid. These silicic acid 
is also utilized for aluminum silicate and magnesium silicate. 

The amorphous silica particles preferably have an average size of 0.5 to 1 5 um. Also, the amorphous silica 
particles to be contained in the ink-receiving layer preferably have a high oil absorption of, for example, 100 
to 400 ml/100g. 

15 The amorphous silica particles may be used together with a small amount of at least one other pigment, 

for example, zeolite, calcium carbonate, diatomaceous earth, kaolin, anhydrous clay, talc, aluminum hydroxide 
and organic pigments, for example, plastic pigments, which are usable for usual paper coating. 

The amorphous silica particles are preferably contained in a content of 30 to 80% by weight based on the 
total weight of the ink-receiving layer. If the content is less than 30% by weight, the resultant ink-receiving layer 

20 exhibits an unsatisfactory ink-absorption. Also, the content of the inorganic pigment particles is more than 60% 
by weight, the resultant ink-receiving layer exhibits an unsatisfactory mechanical strength. 

Since the composite recording sheet of the present invention has a different use than that of a conventional 
ink jet recording sheet and is used for prepaid cards which are often exposed to an external force causing them 
to be rubbed or scratched, the ink-receiving layer must have a high resistance to abrasion and scratching so 

25 that it can be always clearly printed. 

The binder resin for the ink-receiving layer preferably comprises at least one member selected from the 
group consisting of polyvinyl alcohol, it's derivatives, proteins, for example, casein, starch and ifs derivatives, 
styrene-butadiene copolymers, methyl methacrylate-conjugated diene copolymers, for example, methyl me- 
thacrylate- butadiene copolymers, acrylic polymers, for example, acrylic acid ester polymers and copolymers 

30 and methacrylic acid ester polymers and copolymers, vinyl compound polymers, for example, ethylene-vinyl 
acetate copolymers, derivatives of the above-mentioned polymers and copolymers modified with at least one 
functional group, for example, car boxy I group or cation ic group, thermosetting resins, for example, melamine- 
formaldehyde resins and urea-formaldehyde resins, maleic aclydride copolymers, polyacrylamide resins, poly- 
urethane resins, unsaturated polyester resins, polyvinyl butyryl resins and alkyd resins. The water-insoluble 

35 polymers, copolymers and resins are employed in the state of a latex or aqueous emulsion. 

The above-mentioned specific binder resins have a satisfactory adhesion to the pigment particles and an 
excellent affinity to the ink, and thus are contributory to enhancing the ink-receiving (absorption) property of 
the ink-receiving layer. 

In the ink-receiving layer of the present invention, the binder resin is preferably contained in a content of 

40 20 to 70% by weight more preferably 25 to 60% by weight, based on the total weight of the ink-receiving layer. 
If this content is less than 20% by weight, the resultant ink-receiving layer has an unsatisfactory adhesion to 
the composite substrate sheet, and a poor mechanical strength and thus exhibits an increased risk of abrasion 
or scratching of the ink-receiving layer. When the ink-receiving layer is abraded or scratched, the recording 
function thereof is reduced and the recorded information is lost. When the content of the binder resin is more 

45 than 70% by weight, although the resultant ink-receiving layer exhibits an enhanced adhesion to the composite 
substrate sheet the layer exhibits an unsatisfactory ink-receiving (absorption) property due to a decrease in 
the content of the inorganic pigment particles. 

The composite ink jet and magnetic recording sheet of the present invention obtained by coating a surface 
of the composite substrate sheet with an ink-receiving layer can be directly used for a practical recording. 

so Otherwise, the composite ink jet and magnetic recording sheet is treated by a super calender or a gloss cal- 
ender to enhance the smoothness of the surfaces of the composite sheet. 

The amount of the ink-receiving layer of the present invention is variable depending on the final use of the 
composite recording sheet and the ink-absorption, recording characteristics, persistency and opaqueness re- 
quired thereby. Preferably, the amount of the ink-receiving layer is in the range of from 3 to 20 g/m 2 . If this 

55 amount is less than 3 g/m 2 , the resultant ink-receiving layer exhibits an unsatisfactory ink-receiving (absorp- 
tion) property which causes the applied ink images to be deformed or spread so as to mix the colored inks, 
and to become unclear, the necessary drying time for the ink images to become long, and the parts, for ex- 
ample, conveying rolls, of the printer and hands of the operator to be stained by the ink. If the amount is more 
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than 20 g/m 2 , the resultant ink-receiving layer cannot be firmly adhered to the composite substrate sheet due 
to the large thickness of the coat layer, and sometimes causes an ink jetting nozzle applied to the coat layer 
to be blocked, and the production cost to be too high. 

In an embodiment of the composite ink jet and magnetic recording sheet of the present invention, the sup- 
5 port sheet of the composite substrate sheet comprises a multilayered sheet comprising a plurality of plastic 
resin films. Each of the plastic resin films comprises a polyolefin resin matrix and an inorganic pigment dis- 
persed in the matrix and is oriented in at least one direction, for example, monoaxially (,for example, in the 
longitudinal direction) ordiaxially (in the longitudinal and transverse directions of the sheet). Also, the support 
sheet exhibits a thermal shrinkage of 0.5% or less both in the longitudinal and transverse directions of the sup- 
to port sheet at a temperature of 100°C. 

The above-mentioned specific support sheet is contributory to enhancing the quality and the color density 
of the recorded ink images, and the heat resistance of the resultant composite recording sheet. 

The thermal shrinkage of the support sheet is determined by the Heat shrinkage test of JIS K 6734-1975, 
at a temperature of 100°C. 

15 If the thermal shrinkage of the support sheet is more than 0.5% in at least one of the longitudinal and trans- 

verse directions, the resultant thermal shrinkage produced in the support sheet when an ink-receiving layer 
and/or a magnetic recording layer is formed thereon at an elevated temperature, causes the resultant compo- 
site recording sheet to be curled or wrinkled so as to obstruct the smooth recording and printing of the com- 
posite recording sheet. 

20 To adjust the thermal shrinkage of the multilayered support sheet to a level of 0.5% or less, the multilayered 

support sheet is heat-relaxed without hindering the shrinkage thereof, by bringing the support sheet into contact 
with a heating medium, for example, a heating roll, so as to release a stress generated when the plastic resin 
films were oriented (stretched) in the production procedure thereof, and still retained in the films. Otherwise, 
low thermal shrinkage plastic resin films are produced by drawing at a tow speed under which substantially 

25 no stress is retained in the resultant oriented films. The low thermal shrinkage multilayered synthetic paper 
sheets are available, for example, under the trademark of Synthetic Paper KAG, from Oji Yuka Goseishi K.K. 

In this embodiment, the support sheet is a low thermal shrinkage multilayered poly define synthetic paper 
sheet. 

The multilayered synthetic paper sheet may be selected from the afore-mentioned three or more layered 
30 synthetic paper sheets in which three or more thermoplastic resin films containing fine inorganic pigment par- 
ticles oriented mono- or di-axially, are laminated. The thermoplastic resin is preferably selected from polyole- 
fine resins, for example, polyethylene, polypropylene, ethylene-propylene copolymers, and ethylene-vinyl 
acetate copolymers, and mixtures of at least two members selected from the above-mentioned polymers and 
copolymers, polyethylene, and acrylic acid ester polymers and copolymers. The inorganic pigment in the mul- 
35 ti layered synthetic paper sheet is preferably selected from calcium carbonate, anhydrous clay, diatomaceus 
earth, talc and silica. 

Preferably, the inorganic pigment is contained in an amount of 8 to 65% by weight in the plastic resin films. 

In the composite ink jet and magnetic recording sheet of the present invention, the multi-layered support 
sheet of the composite substrate sheet is coated with an ink-receiving layer containing amorphous silica par- 
40 tides dispersed in the binder resin. 

In the composite ink jet and magnetic recording sheet of the present invention as indicated in Fig. 1, a com- 
posite substrate sheet 1 has a support sheet 2 and a magnetic recording layer 3, and an ink-receiving layer 4 
is arranged on the surface of the support sheet 2 free from the magnetic recording layer 3. In this type of com- 
posite recording sheet, the magnetic information is recorded on one surface side thereof and the visible ink 
45 images are recorded on the opposite surface side thereof. 

In another embodiment of the ink jet and magnetic recording sheet of the present invention as shown in 
Fig. 2, an ink-receiving layer 4 is formed on a magnetic recording layer 3 of a composite substrate sheet 1 . In 
this type of composite recording sheet, the magnetic information and the visible ink images are recorded on 
one and the same surface side thereof, 
so Also, this type of composite recording sheet is advantageous in that the magnetic recording layer which 

is unavoidably colored, is covered by the ink-receiving layer which may be colorless (white) or colored a desired 
color, and thus the appearance thereof is good. 

In still another embodiment of the composite ink jet and magnetic recording sheet of the present invention 
as shown in Fig. 3, an ink-receiving layer 4 in formed on a magnetic recording layer 3 of a composite substrate 
55 sheet 1, and an additional ink-receiving layer 5 is formed on a support sheet 2 of the composite substrate sheet 
1. 

In this type of composite recording sheet, the magnetic information and the visible ink images are recorded 
on one surface side thereof and other visible ink images are recorded on the opposite surface side thereof. 
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The additional ink-receiving layer can be formed in the same manner as that for the above-mentioned ink- 
receiving layer. 

The ink-receiving layer and the additional ink-receiving layer preferably comprise the fine amorphous silica 
particles and the binder resin. 

5 

EXAMPLES 

The present invention will be further explained by the following specific examples which are merely rep- 
resentative and do not in any way restrict the scope of the present invention. 

In each of the Examples and Comparative Examples, the resultant composite ink jet and magnetic record- 
ing sheet was subjected to the following ink jet recording property and card applicability tests. 

The composite recording sheet was subjected to an ink jet recording procedure by using an ink jet- printer 
(trademark: BJC-80J, made by Canon in Examples 1 and 2 and Comparative or Trademark: Desk Writer-C, 
made by Hewlett Packard) to test the ink-absorption, color brightness and forwarding property in the printer, 
of the composite recording sheet. 
(1) Ink absorption 

The ink absorption was represented by a time in second necessary to complete the drying of the ink 
printed on the composite recording sheet. 



20 


Drying time 


Ink absorption 


Class 




5 seconds or less 


Excellent 


3 




More than 5 seconds but not more than 1 0 seconds 


Slightly unsatisfactory 


2 


25 


More than 1 0 seconds 


Bad 


1_ 



(2) Color brightness 

The printing was carried out by using a black ink, a yellow ink, a magenta ink and a cyan ink. The printed 
colored images in each color were observed by naked eye, and evaluated in the following classes. 



Color brightness 


Class 


Bright 


3 


Slightly unsatisfactory 


2 


Bad 


1 



(3) Optical density 

A sol id mark of 2 cm x 2 cm was printed with a black colored ink. The optical density of the black colored 
40 mark was measured by a McBeth optical density tester. 

(4) Print quality 

The quality of the printed images was evaluated into the following classes. 



45 



Print quality 


Class 


Good 


3 


Satisfactory 


2 


Bad 


1 



50 

(5) Offset print-applicability 

The composite recording sheet was subjected to an offset printing tester. The offset print-applicability 
was evaluated into the following classes. 

55 



7 



10 



15 
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35 



40 



45 



50 



55 



Offset print-applicability 



The printed images were excellent 
The printed images were satisfactory 
The printed images were unsatisfactory 



Class 



3 
2 
1 



(6) Feeding property 

Ten composite recording sheets were placed in a sheet feeder of the printer, and automatically sup- 
plied into the printer printed and delivered. The feeding property of the sheets were observed and classi- 
fied as follows. 



Feeding property 



All ten sheets were smoothly passed through the printer 
6 to 9 sheets could smoothly pass through the printer 
0 to 5 sheets could smoothly pass through the printer 



Class 



3 
2 
1 



The applicability of the composite recording sheets to cards was evaluated by a surface strength and fold- 
ing endurance thereof. 
(1) Surface strength 

The surfaces of the composite recording sheet were rubbed with a finger nail and the results were 
evaluated as follows. 



Surface strength 


Class 


No peeling occurred 


3 


Slightly peeled 


2 


Completely peeled 


1 



(2) Folding endurance 

The folding endurance test was carried out in accordance with JIS P 8115 - 1976 by a MIT tester. 



Folding endurance 



Folding number at break was more than 100,000 

Folding number at break was 1,000 or more but less than 100,000 

Folding number at break was less than 1 ,000 



Class 



3 
2 
1 



The resistance of the composite recording sheet to curling was determined by placing the sheet on a hor- 
izontal plane and an average of heights in mm of the four corners of the sheets was measured. 

The thermal shrinkage of the support sheet was measured in accordance with Japanese Industrial Stan- 
dard (JIS) K 6734. 

Example 1 

A pulp slurry for paper-making was prepared by mixing 20 parts by weight of precipitated calcium carbonate 
into an aqueous slurry of 100 parts by weight of a hard wood bleached kraft pulp, adding 2 parts by weight of 
cationic starch and 0.3 part by weight of an alkenyl succinic anhydride neutral sizing agent and fully stirring 
the mixture. The pulp slurry was fed to a multi cylinder type Fordlinear paper machine, the resultant wet paper 
was dried to a water content of 1 0% by weight, a solution of 7% by weight of oxidized starch in water was applied 
in a dry weight of 4 g/m 2 to both the surfaces of the dried paper by using a size press machine, the sized paper 
was dried to a water content of 7% by weight. The resultant fine paper sheet had a basis weight of 200 g/m 2 
and a thickness of 210 (im and exhibited a bending (Gurley) stiffness of 1240 mgf. A coating liquid (I) for an 
ink-receiving layer and a coating liquid (II) for a magnetic recording layer were prepared in the following com- 
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positions. 



Coating liquid (I) 


Component 


Part by weight 


Fine amorphous silica particles (Trademark: Fineseal, made by Tokuyama Soda K.K.) 
Polyvinyl alcohol (Trademark: R-1130, Kuraray) 


100 
40 



Coating liquid (II) 


Component 


Part by weight 


y-iron oxide 


100 


Polyvinyl alcohol 


20 


St yrene- butadiene copolymer latex 


15 



The coating liquid (I) was coated on a surface of the fine paper sheet by using a testing bar coater and 
dried to provide an ink-receiving layer having a dry weight of 11 g/m 2 . Then, the coating liquid (II) was coated 
on the opposite surface of the fine paper sheet in the same manner as mentioned above and dried to provide 
a magnetic recording layer having a dry weight of 40 g/m 2 . 

A composite ink jet and magnetic recording sheet was obtained. 

Test results are shown in Table 1. 

Example 2 



A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 
1 with the following exceptions. 

The fine paper used as a support sheet was replaced by a multilayered synthetic paper sheet which was 
available under the trademark of Yupo FPG-300, from Oji Yuka Goseishi K.K., contains an inorganic pigment, 
and had a bending (Gurley) stiffness of 2830 mgf and a thickness of 300 urn. 

An ink-receiving layer was formed in a dry weight of 12 g/m 2 by coating a surface of the multilayered syn- 
thetic paper sheet with the coating liquid (I) by using a testing bar coater, and drying the coating layer. 

A magnetic recording layer was formed in a dry weight of 30 g/m 2 by coating the coating liquid (II) on the 
opposite surface of the multilayered synthetic paper sheet and drying the coating layer. 

Test results are shown in Table 1. 



Comparative Example 1 

A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 
1 with the following exceptions. 

The same fine paper sheet as in Example 1 was treated with a calender. The resultant support sheet had 
a bending (Gurley) stiffness of 870 mgf and a thickness of 185 urn. 

An ink-receiving layer was formed in a dry weight of 11 g/m 2 by coating a surface of the calendered support 
sheet with the coating liquid (I) and drying the coating layer. 

Also, a magnetic recording layer was formed in a dry weight of 35 g/m 2 by coating the opposite surface 
of the calendered support sheet with the coating liquid (II) and drying the coating layer. 

Test results are shown in Table 1 . 

Comparative Example 2 



A pulp slurry for paper-making was prepared by mixing 20 parts by weight of precipitated calcium carbonate 
into an aqueous slurry of 100 parts by weight of a hard wood bleached kraft pulp, adding 2 parts by weight of 
cationic starch and 0.25 part by weight of a ketene dimer neutral sizing agent and fully stirring the mixture. 
The pulp slurry was fed to a testing paper machine to prepare a fine paper sheet. The resultant fine paper 
sheet had a basis weight of 350 g/m 2 and a thickness of 395 ^m and exhibited a bending (Gurley) stiffness of 



9 



BNSDOCID: <EP 0681 169A1 J_> 



10 



EP 0 661 169A1 

3200 mgf. 

The fine paper sheet was subjected as a support sheet to the same composite ink jet and magnetic re- 
cording sheet-producing procedures as in Example 1 with the following exceptions. 

The coating liquid (I) was coated on a surface of the fine paper sheet by using a testing bar coater and 
dried to provide an ink-receiving layer having a dry weight of 9 g/m 2 . Then, the coating liquid (II) was coated 
on the opposite surface of the fine paper sheet in the same manner as mentioned above and dried to provide 
a magnetic recording layer having a dry weight of 30 g/m 2 . 

A composite ink jet and magnetic recording sheet was obtained. 

Test results are shown in Table 1 . 

Table 1 



15 



20 



25 
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Ink 


Color 


Feeding 


Surface 


Folding 






absorp- 


bright- 


property 


strength 


endur- 
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printer 






Example No . 














Example 


1 


3 


3 


3 


3 


3 




2 


3 


3 


3 


3 


3 


Comparative 


1 


3 


3 


3 


3 


1 


Example 


2 


3 


3 


1 


3 


3 



30 



Table 1 clearly indicates that the composite recording sheets of the Examples of the present invention ex- 
hibited satisfactory ink absorption, ink color brightness and surface strength similar to those of the Compar- 
ative Examples and significantly superior feeding property in the printer and folding endurance in comparison 
with those of the Comparative Examples. 



Example 3 



35 



40 



A support sheet was prepared by heat treating a multilayered synthetic paper sheet (available under the 
trademark of Yu po FPG-200, made by Oji Yuka Goseishi K.K.) comprising diaxially oriented, inorganic pigment- 
containing polypropylene films having a thickness of 200 nm. 

The heat-treated support sheet had thermal shrinkages of 0.5% in the longitudinal direction and 0.3% in 
the transverse direction thereof, a thickness of 200 jim and a bending (Gurley) stiffness of 1110 mgf. 

A coating liquid (III) for an ink-receiving layer and a coating liquid (IV) for a magnetic recording layer were 
prepared in the following compositions. 



Coating liquid (III) 


Component 


Part by weight 


Fine amorphous silica particles (Trademark: Mizukasil, made by Mizusawa Kagaku 
K.K.) 

Polyvinyl alcohol (Trademark: R-1130, Kuraray) 


100 
40 



45 



50 



55 
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Coating liquid (IV) 


Component 


Part by weight 


y-iron oxide 


100 


Polyvinyl alcohol 


20 


St yrene- butadiene copolymer latex 


15 



10 The coating liquid (III) was coated on a surface of the support sheet by using a testing barcoaterand dried 

to provide an ink-receiving layer having a dry weight of 12 g/m 2 . Then, the coating liquid (IV) was coated on 
the opposite surface of the support sheet in the same manner as mentioned above and dried to provide a mag- 
netic recording layer having a dry weight of 30 g/m 2 . 

A composite ink jet and magnetic recording sheet was obtained. 

15 Test results are shown in Table 2. 

Example 4 

A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 
20 3 with the following exceptions. 

The support sheet consisted of a low thermal shrinkage multilayered synthetic paper sheet which was 
available under the trademark of Yupo KAG-250, from Oji Yuka Goseishi K.K., contains an inorganic pigment, 
and had a bending (Gurley) stiffness of 2663 mgf, thickness of 250 urn, and thermal shrinkages of 0.45% in 
the longitudinal direction and 0.10% in the transverse direction thereof. 
25 An ink- receiving layer was formed in a dry weight of 11 g/m 2 by coating a surface of the support sheet 

with the coating liquid (III) by using a testing bar coater, and drying the coating layer. 

A magnetic recording layer was formed in a dry weight of 30 g/m 2 by coating the coating liquid (IV) on the 
opposite surface of the multilayered synthetic paper sheet and drying the coating layer. 
The test results are shown in Table 2. 

30 

Example 5 

A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 
3 with the following exceptions. 
35 The support sheet consisted of a low thermal shrinkage multilayered synthetic paper sheet which was 

available under the trademark of Yupo KAG-200, from Oji Yuka Goseishi K.K., contains an inorganic pigment, 
and had a bending (Gurley) stiffness of 1065 mgf, thickness of 200 ujin, and thermal shrinkages of 0.39% in 
the longitudinal direction and 0.07% in the transverse direction thereof. 

An ink-receiving layer was formed in a dry weight of 9 g/m 2 by coating a surface of the support sheet with 
40 the coating liquid (III) by using a testing bar coater, and drying the coating layer. 

A magnetic recording layer was formed in a dry weight of 35 g/m 2 by coating the coating liquid (IV) on the 
opposite surface of the multilayered synthetic paper sheet and drying the coating layer. 

The test results are shown in Table 2. 

45 Comparative Example 3 

A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 
3 with the following exceptions. 

The support sheet consisted of a multilayered synthetic paper sheet which was available under the trade- 
so mark of Yupo FPG-200, from Oji Yuka Goseishi K.K., contains an inorganic pigment, and had a bending (Gur- 
ley) stiffness of 1110 mgf, thickness of 200 jim, and thermal shrinkages of 1.30% in the longitudinal direction 
and 1.09% in the transverse direction thereof. 

An ink-receiving layer was formed in a dry weight of 10 g/m 2 by coating a surface of the support sheet 
with the coating liquid (III) by using a testing bar coater, and drying the coating layer. 
55 A magnetic recording layer was formed in a dry weight of 35 g/m 2 by coating the coating liquid (IV) on the 

opposite surface of the support sheet and drying the coating layer. 

The test results are shown in Table 2. 
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Comparative Example 4 

A magnetic recording sheet was produced by the same procedures as in Example 3 with the following ex- 
ceptions. 

5 The ink- receiving layer was not provided on the support sheet. 

A magnetic recording layer was formed in a dry weight of 35 g/m 2 by coating the coating liquid (IV) on the 
opposite surface of the support sheet and drying the coating layer. 
The test results are shown in Table 2. 



Table 2 



\^ Item 
Example No.\ 


Ink 

absorp- 
tion 


Optical 
density 


Curl 
(mm) 


Thoiinal shrinkage of 
support cliett ( % ) 


Longitudinal 
direction 


Transverse 
direction 


Example 


3 
4 

5 


3 
3 
3 


1.37 
1.38 
1.41 


0 

0.2 
0.1 


0.50 
0.45 
0.39 


0.30 
0.10 
0.07 


Comparative 
Example 


3 
4 


3 
1 


1.39 
1.35 


5.1 
0.1 


1.30 
0.50 


1.09 
0.30 



Table 2 shows that the composite ink jet and magnetic recording sheets of the present invention each hav- 
ing a support sheet having a low thermal shrinkage had a high ink absorption, high color density and high curl 
resistance. The composite recording sheet of Comparative Example 3 exhibited a poor curl resistance. The 
magnetic recording sheet of Comparative Example 4 having no ink-receiving layer exhibited a poor ink absorp- 
35 tion. 

Example 6 

A pulp slurry for paper-making was prepared by mixing 1 8 parts by weight of precipitated calcium carbonate 
40 into an aqueous slurry of 100 parts by weight of a hard wood bleached kraft pulp, adding 1.7 parts by weight 
of cationic starch and 0.3 part by weight of an alkenyl succinic anhydride neutral sizing agent and fully stirring 
the mixture. The pulp slurry was fed to a multi cylinder type Fordlinear paper machine, the resultant wet paper 
was dried to a water content of 1 0% by weight, a solution of 7% by weight of oxidized starch in water was applied 
in a dry weight of 4 g/m 2 to both the surfaces of the dried paper by using a size press machine, the sized paper 
45 was dried to a water content of 7% by weight. The resultant fine paper sheet had a basis weight of 200 g/m 2 
and a thickness of 210 ujn and exhibited a bending (Gurley) stiffness of 1300 mgf. 

A coating liquid (VI) for a magnetic recording layer and a coating liquid (V) for an ink-receiving layer were 
prepared in the following compositions. 



50 


Coating liquid (V) 


Component 


Part by weight 




y-iron oxide 


100 


55 


Polyvinyl alcohol 


25 




Styrene-butadiene copolymer latex 


15 
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Coating liquid (VI) 


Component 


Part by weight 


Fine amorphous silica particles (Trademark: Fineseal, made by Tokuyama Soda K.K.) 
Polyvinyl alcohol (Trademark: R-1130, Kuraray) 


100 
37 



10 



15 



20 



25 



30 



35 



The coating liquid (V) was coated on a front surface of the fine paper sheet by using a testing bar coater 
and dried to provide a magnetic recording layer having a dry weight of 40 g/m 2 . Then, the coating liquid (VI) 
was coated on the surface of the magnetic recording layer in the same manner as mentioned above and dried 
to provide an ink-receiving layer having a dry weight of 12 g/m 2 . 

A composite ink jet and magnetic recording sheet was obtained. 

Test results are shown in Table 3. 

Example 7 

A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 
6 with the following exceptions. 

The fine paper used as a support sheet was replaced by a multi layered synthetic paper sheet which was 
available under the trademark of Yupo FPG-200, from Oji Yuka Goseishi K.K., contains an inorganic pigment, 
and had a bending (Gurley) stiffness of 1110 mgf and a thickness of 200 urn. 

A magnetic recording layer was formed in a dry weight of 30 g/m 2 by coating a front surface of the multi- 
layered synthetic paper sheet with the coating liquid (V) by using a testing bar coater, and drying the coating 
liquid layer. 

An ink-receiving layer was formed in a dry weight of 10 g/m 2 by coating the coating liquid (VI) on the surface 
of the magnetic recording layer and drying the coating liquid layer. 

Further, the surface of the multilayered synthetic paper sheet was coated with the coating liquid (VI) and 
dried to form an additional ink-receiving layer having a dry weight of 8 g/m 2 . 

Test results are shown in Table 3. 

Example 8 

A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 
6 with the following exceptions. 

The support sheet consisted of a multilayered synthetic paper sheet, Yupo FPG-250, the magnetic record- 
ing layer was formed in an amount of 35 g/m 2 and the ink-receiving layer was formed in an amount of 12 g/m 2 . 

The test results are shown in Table 3. 



40 



45 



50 



Comparative Example 5 

A magnetic recording sheet was produced by the same procedure as in Example 6, except that a magnetic 
recording layer was formed in an amount of 30 g/m 2 on a front surface of the fine paper sheet by using a testing 
bar coater. No ink-receiving layer was formed on the magnetic recording layer. 

Comparative Example 6 

A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 
7, except that the ink-receiving layer was formed on the magnetic recording layer, by coating a coating liquid 
(VII) having the following composition: 



Coating liquid (VII) 


Component 


Part by weight 


Calcium carbonate pigment (Trademark: Brilliant 15, made by Shiraishi Kogyo K.K.) 
Polyvinyl alcohol (Trademark: PVA-117, made by Kuraray) 


100 
40 



55 
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The dried ink-receiving layer had a weight of 11 g/m 2 . 
The test results are shown in Table 3. 
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Example 9 

A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 
8, except that a magnetic recording layer in a dry weight of 32 g/m 2 was formed by coating the coating liquid 
(V) on a front surface of the multilayered synthetic paper sheet (Yupo FPG-250), and an ink-receiving layer 
in a dry weight of 11 g/m 2 was formed by coating the coating liquid (VI) on the magnetic recording layer. No 
additional ink-receiving layer was formed on the back surface of the synthetic paper sheet. 

The test results are shown in Table 3. 



Comparative Example 7 

15 A composite ink jet and magnetic recording sheet was produced by the same procedures as in Example 

7, except that a magnetic recording layer in a dry weight of 30 g/m 2 was formed by coating the coating liquid 
(V) on a front surface of the synthetic paper sheet (Yupo FPG-200), an ink-receiving layer in a dry weight of 
12 g/m 2 was formed by coating the coating liquid (VII) on the magnetic recording layer, and an additional ink- 
receiving layer in a dry weight of 9 g/m 2 was formed by coating the coating liquid (VII) on a back surface of 

20 the synthetic paper sheet 

The test results are shown in Table 3. 



Table 3 
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^\ Item 


Ink 


jet recording properties 


Applica- 
bility to 
offset 
printing 






Ink 

absorption 


Optical 
density- 


Quality of 
ink image 


Example No . 




Front 
side 


Back 
side 


Front 
side 


Back 
side 


Front 
side 


Back 
side 


Front 
side 


Back 
side 


Example 


6 


3 


2 


1.49 


1.32 


3 


3 


3 


3 




7 


3 


3 


1.46 


1.51 


3 


3 


3 


3 
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3 


1 


1.46 


1.40 


3 


2 


3 


3 
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1 


3 


1.37 


1.48 


1 


3 


1 


3 


Comparative 
Example 


5 
6 


1 

1 


2 
1 


1.36 
1.13 


1.31 
1.38 


1 
2 


3 
2 


1 
3 


3 
3 




7 


1 


1 


1.15 


1.16 


2 


2 


3 


3 



Note: Front side ... The surface side of the 

composite recording sheet having the magnetic 
recording layer 

Back side . . . The surface side of the 
composite recording sheet free from the 
magnetic recording layer 
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Claims 

1 . A composite ink-jet and magnetic recording sheet comprising: 

(A) a composite substrate sheet comprising (a) a support sheet and (b) a magnetic recording layer 
formed on a surface of the support sheet and comprising magnetic particles and a binder resin; and 

(B) an ink-receiving layer formed on a surface of the composite substrate sheet, and comprising amor- 
phous silica particles and a binder resin, 

the support sheet having a thickness of 20 to 350 jim and exhibiting a bending stiffness of 1000 
to 3000 mgf. 

2. The composite recording sheet as claimed in claim 1, wherein the ink-receiving layer is arranged on the 
surface of the support sheet of the composite substrate sheet free from the magnetic recording layer. 

3. The composite recording sheet as claimed in claim 1, wherein the ink-receiving layer is arranged on the 
magnetic recording layer of the composite substrate sheet. 

4. The composite recording sheet as claimed in claim 3, wherein an additional ink-receiving layer is arranged 
on the support sheet surface of the composite substrate sheet. 

5. The composite recording sheet as claimed in claim 1 , wherein the support sheet of the composite sub- 
strate sheet consists of a member selected from the group consisting of a non-coated paper sheet, coated 
paper sheets and synthetic polymer sheets. 

6. The composite recording sheet as claimed in claim 1 , wherein the support sheet of the composite sub- 
strate sheet has a basis weight of 1 00 to 300 g/m 2 . 

7. The composite recording sheet as claimed in claim 1 , wherein the amorphous silica particles of the ink- 
receiving layer have an average size of 0.5 to 1 5 jim. 

8. The composite recording sheet as claimed in claim 1 , wherein the amorphous silica particles of the ink- 
receiving layer exhibit an oil absorption of 100 to 400 ml/100g. 

9. The composite recording sheet as claimed in claim 1, wherein the amorphous silica particles in the ink- 
receiving layer are present in a content of 30 to 80% by weight based on the total weight of the ink-receiving 
layer. 

10. The composite recording sheet as claimed in claim 1, wherein the binder resin of the ink-receiving layer 
comprises at least one member selected from the group consisting of polyvinyl alcohol and its derivatives, 
proteins, starch, starch derivatives, styrene- butadiene copolymers, methyl methacrytate-conjugated 
diene copolymers, acrylic acid ester polymers and copolymers, methacrylic acid ester polymers and co- 
polymers, ethylene- vinyl acetate copolymers, derivatives of the above-mentioned polymers and copoly- 
mers modified with at least one functional group, melamine-formaldehyde resins, urea-formaldehyde- 
resins, maleic anhydride copolymers, polyacrylamide resins, polyurethane resins, unsaturated polyester 
resins, polyvinyl butyral resins and alkyd resins. 

11. The composite sheet as claimed in claim 1, wherein in the ink-receiving layer, the binder resin in present 
in a content of 20 to 70% by weight. 

12. The composite recording sheet as claimed in claim 1 , wherein the magnetic particles of the magnetic re- 
cording layer comprise at least one member selected from the group consisting of y-iron oxide, cobalt- 
modified iron oxide, barium ferrite and chromium oxides. 

13. The composite recording sheet as claimed in claim 1, wherein the binder resin of the magnetic recording 
layer comprises at feast one member selected from the group consisting of polyvinyl alcohol and if s der- 
ivatives proteins, styrene- butadiene copolymers, methyl met hacryl ate- butadiene copolymers, styrene bu- 
tadiene-methyl met ha cry! ate terpolymers, polyacrylic resins, polyvinyl acetate resins, polyurethane res- 
ins, polyvinyl chloride resins, polyester resins and vinyl chloride- vinyl acetate copolymers. 

14. The composite recording sheet as claimed in claim 1, wherein the ink-receiving layer is present in an 
amount of 3 to 20 g/m 2 . 



15 



EP0 661 169 A1 



15. The composite recording sheet as claimed in claim 1 , wherein the magnetic recording layer is present in 
an amount of 25 to 40 g/m 2 . 

16. The composite recording sheet as claimed in claim 1 , wherein the support sheet of the composite sub- 
5 strate sheet comprises a multilayered sheet comprising a plurality of plastic resin films each comprising 

a polyolefine resin matrix and an inorganic pigment dispressed in the matrix and each oriented in at least 
one direction, the support sheet exhibiting a thermal shrinkage of 0.5% or less both in the longitudinal 
and transverse directions thereof at a temperature of 1 00°C. 

1Q 17. The composite recording sheet as claimed in claim 16, wherein the polyolefin resin in the plastic resin 
films comprises at least one member selected from the group consisting of polyethylene, polypropylene, 
ethlene- propylene copolymers, ethylene-vinyl acetate copolymers. 



15 



18. The composite recording sheet as claimed in claim 16, wherein the inorganic pigment in the plastic resin 
films comprises at least one member selected from the group consisting of calcium carbonate, anhydrous 
clay, diatom ace us earth, talc and silica. 

19. The composite recording sheet as claimed in claim 1 6, wherein the inorganic pigment in the plastic resin 
films in present in a content of 8 to 65% by weight. 
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Fig.1 
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